Introduction
============

Pancreatic ductal adenocarcinoma (PDA) accounts for the vast majority of advanced pancreatic cancer cases and carries an expected 5-year survival rate of less than 6% [@R1]. Standard therapies for unresectable or metastatic pancreatic cancer currently consist of gemcitabine-based regimens, combination therapies such as FOLFIRINOX with or without radiation, and newer agents such as nanoparticle-albumin-bound (nab)-paclitaxel and erlotinib, all of which provide minimal response and a survival advantage measured in a few months [@R2]--[@R6]. Furthermore, these regimens are associated with significant side effects, decreased quality of life, and considerable financial costs [@R2],[@R4],[@R6]. The toll exacted by the disease burden and ineffective treatment options for PDA warrant exploration of alternative treatment options.

The use of intravenous ascorbic acid (AA) in oncology has a controversial history and has long been passionately debated [@R7],[@R8]. Notwithstanding the limitations of studies carried out in the late 1970s, the idea of AA as a chemotherapeutic agent seems plausible, stemming from a postulated versatile role in biochemical reactions and its selectivity for abnormal cells [@R9],[@R10]. Our group has elucidated the disproportionate pharmacokinetic properties between oral and intravenous pharmacologic ascorbic acid (PAA) administration in normal human participants [@R11]. PAA achieves a 70-fold higher concentration than that achieved by maximum oral consumption in humans [@R11]--[@R13]. This striking concentration difference seems to be dependent on tightly regulated mechanisms that maintain serum AA concentrations when ingested orally, but not when infused intravenously, a characteristic that appears to be critical for the role of PAA in oncology.

We report on a patient with biopsy-proven poorly differentiated metastatic Stage IV PDA who survived for 4 years exclusively on intravenous AA infusions after declining conventional standard of care. Written permission was provided for publication of the case report.

Case report
===========

A 68-year-old man presented in March 2007 with intractable epigastric pain and nausea. A review of symptoms also showed hypersomnia, fatigue, and an ∼20 lb. weight loss. Baseline laboratory testing results included a CA 19--9 tumor marker of 77 (0--37 U/ml), a serum lipase level of 3658 (23--300 U/l), and a serum amylase level of 906 (23--85 U/l). He denied tobacco use and admitted to modest daily alcohol consumption. His family history was significant for PDA, which resulted in the death of his mother. His clinical presentation and laboratory results prompted an abdominal computed tomography (CT) scan, which showed an ill-defined mass in the uncinate process of the pancreas with multiple liver lesions. Several attempts at fine needle biopsy were nondiagnostic.

He was re-evaluated within a month with a repeat CT/PET scan, which showed the previously noted mass to be metabolically active (standardized uptake value or SUV 16) measuring 3.7×3.7 cm with celiac axis and hepatic artery encasement and portal vein abutment (Fig. [1](#F1){ref-type="fig"}a--d). No significant pancreatic duct or biliary tree dilatation were identified. There were also multiple small mesenteric and peripancreatic lymph nodes. The liver lesions were identified as metabolically active, with the largest measuring 2.3×1.8 cm (SUV 7).

![Initial CT/PET at biopsy in April 2007. (a) CT/PET and (b) CT scan: metabolically active (SUV 16) hypodense 4.5×3.7×3.7 cm lesion in the uncinate process of the pancreas (arrows). (c) CT/PET and (d) CT scan: multiple metabolically active lesions throughout liver parenchyma, with the largest measuring 2.8×1.8 cm (SUV 7) (arrows). CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g001){#F1}

He subsequently had an endoscopic ultrasound with biopsy, which identified a 4.5×3.1 cm hyperechoic mass with innumerable liver lesions, consistent with metastatic disease. At the time of the endoscopic ultrasound, the pancreatic duct and biliary tree were not dilated. The biopsy showed poorly differentiated PDA. Cytopathology of the original biopsy was reviewed independently at the University of Alabama and the National Institutes of Health, confirming aggressive poorly differentiated PDA. *KRAS/BRAF* genotyping was not performed.

At the initial oncology consultation in May 2007, the patient had a recorded weight of 181.7 pounds, persistent epigastric discomfort of 8/10 on the visual analogue scale, and an ECOG status of 1. He was not jaundiced. The patient was given a diagnosis of Stage IV poorly differentiated PDA and was offered chemotherapy consisting of gemcitabine and erlotinib. He declined standard of care with a full understanding of the natural course of metastatic PDA, but not wanting to experience the side effects of chemotherapy and reduced quality of life in the expected short remaining lifespan. After consulting with his family, the patient elected to begin escalating doses of PAA through a port-a-cath, with treatment doses ranging from 75 to 125 g per infusion and administered 2--3 times per week, according to accepted dosing and scheduling protocols [@R14],[@R15]. The patient was prescreened for conditions that might preclude receiving PAA that included G6PD deficiency or abnormal renal function [@R16].

In November 2007, 8 months after presentation, a follow-up CT/PET was performed (Fig. [2](#F2){ref-type="fig"}a--d), which noted the pancreatic head mass to be unchanged in size, but with reduced SUV level, indicative of disease regression. The previously identified liver metastases were also noted overall to have decreased SUV levels. Finally, the largest liver mass, initially measuring 1.3 cm with an SUV of 7, had almost entirely resolved, representing improvement.

![Follow-up CT/PET in November 2007, 8 months after the initial imaging. (a) CT/PET and (b) CT scan: metabolically active lesion in the uncinate process of the pancreas with decrease in activity (SUV 13) and stable measurement 5.3×3×3.3 cm (arrows). (c) CT/PET and (d) CT scan: hepatic parenchymal lesions identified with a decrease in metabolic activity (SUV 3) and resolving a large anterior right hepatic lobe mass (arrows). CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g002){#F2}

During the following year, the patient continued PAA at 75--125 g 2--3 times per week. A follow-up CT/PET scan in June 2008, more than a year from the original diagnosis, showed continued improvement (Fig. [3](#F3){ref-type="fig"}a--d). There remained persistent, but smaller low-density lesions throughout the liver without hypermetabolic activity, consistent with residual metastatic disease. In addition, the mass in the head of pancreas was noted to be smaller and with less metabolic activity than observed previously. At the time of this scan, the patient had a stable weight, was pain free, and had an ECOG status of 0.

![Follow-up CT/PET performed in June 2008 over 1 year after diagnosis. (a) CT/PET and (b) CT scan: metabolically active lesion in the uncinate process of the pancreas with a further decrease in metabolic activity (SUV 9) and stable in size from the previous scan with a necrotic central portion (arrows). (c) CT/PET and (d) CT scan: resolution of metabolic activity throughout hepatic parenchyma, with only small foci of residual disease identified consistent with improvement in metastatic disease. CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g003){#F3}

During the following year, the patient continued to receive PAA at 75--125 g at 2--3 times per week. He had an ECOG status of 0 with stable weight and no pain. A follow-up CT/PET was performed in November 2008, now over 18 months after diagnosis, and imaging was without residual metabolic activity or discrete lesions throughout the liver (Fig. [4](#F4){ref-type="fig"}a--d). It was reported that there was continued reduction in the size of the pancreatic head mass with increased necrotic components in the central portion of the tumor consistent with continued regression of malignancy.

![CT/PET follow-up performed in November 2008 at 18 months after diagnosis. (a) CT/PET and (b) CT scan: interval decrease in the size of the pancreatic uncinate process mass measuring 3.9×3.6×3.1 cm with increased necrotic components. The metabolic activity showed decreased activity (SUV 6.4). (c) CT/PET and (d) CT scan: no residual metabolic activity and no discrete lesions identified throughout the hepatic parenchyma. No biliary dilatation noted. CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g004){#F4}

The patient, now 2.5 years after diagnosis, continued infusion therapy receiving 75--125 g at 2--3 times per week, with no change in physical exam, complaints, or ECOG status. Follow-up imaging in November 2009 (Fig. [5](#F5){ref-type="fig"}a and b) showed an interval decrease in the size of the pancreatic head mass. It was found at this imaging that the SUV increased to 10 and progression of disease was questioned, despite the diminishing size. However, compression of the lesion as a cause of increased SUV was suspected. No other abnormalities were identified on the scan.

![Follow-up CT/PET in November 2009 now 2.5 years after diagnosis. (a) CT/PET and (b) CT scan: interval decrease in the size of the pancreatic uncinate process mass measuring 2.6×2.2×2.3 cm. Hypermetabolic activity showed increase from the previous scan (SUV 10) (arrows). The hepatic parenchyma remained free of hypermetabolic activity or focal lesions (not pictured). No biliary dilatation noted. CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g005){#F5}

In 2010, the patient had routine follow-up blood work after over 450 doses of PAA, which showed normal CA 19--9 levels, pancreatic enzymes, liver enzymes, and renal function. ECOG status remained 0. The patient's only complaint at this time was arthritic pain in his hands. The last CT/PET was obtained in November 2010 (Fig. [6](#F6){ref-type="fig"}a and b), which showed stable disease. No new lesions were identified.

![Follow-up CT/PET in November 2010 now 3.5 years after diagnosis. (a) CT/PET and (b) CT scan: no significant change in the pancreatic mass size. Hypermetabolic activity was stable (SUV 9.3) and interpreted as stable disease (arrows). Hepatic parenchyma remained free of metastatic disease (not pictured). No biliary dilatation noted. CT, computed tomography; SUV, standardized uptake value.](cad-29-373-g006){#F6}

A biliary stent was placed in January 2011 because of a suspicion of advancing disease after an increase in liver enzymes, but scanning indicated no evidence for biliary dilatation or increase in the pancreatic mass size. In retrospect, the patient may have had elevated liver enzymes from consuming very high doses of oral vitamin D. In February 2011, 2 weeks after stent placement, the patient presented to the emergency department in septic shock (Fig. [7](#F7){ref-type="fig"}a and b). At this scan, there was no enlargement of the pancreatic head mass or metastatic disease in the liver parenchyma. He underwent an exploratory laparotomy and was found to have a perforated small bowel segment that required surgical resection. The biliary stent, which had presumably migrated, was found in his cecum. Postoperatively, the patient remained in the ICU in septic shock and in acute respiratory and renal failure. His condition worsened 2 days postoperatively, requiring increasing vasopressors for hemodynamic support, at which point, his wife elected to withdraw support and he died shortly thereafter.

![February 2011 presentation to the emergency room, where the patient was found to be in septic shock 2 weeks after biliary stent placement. (a) Contrast-enhanced CT scan: stable size of mass in the uncinate process of pancreas (arrow) and no apparent tumor progression. There was mild diffuse induration of the mesentery consistent with third spacing of fluid. (b) Contrast-enhanced CT scan: hepatic parenchyma with air in the biliary tree (arrow), but no parenchymal lesions identified. CT, computed tomography.](cad-29-373-g007){#F7}

Discussion
==========

Investigation of new treatment agents that are nontoxic, inexpensive, and show clinical promise are in the best interests of our patients, independent of revenue-generating potential. PAA in cancer treatment, with no patentability, is an example. PAA was dismissed as a cancer treatment agent 26 years ago, in retrospect because of a simple pharmacology error [@R11].

Recent *in vitro* and animal evidences from many laboratories indicate that PAA, but not oral AA, may have selective cancer-killing properties, by acting as a prodrug to generate hydrogen peroxide selectively in extracellular fluid [@R10],[@R12],[@R13]. For PDA, PAA synergizes with gemcitabine in cell and animal models, and appears to be safe in screened patients [@R14],[@R16],[@R17]. On the basis of these new clinical observations, we hypothesize that PAA treatment may require a much longer time course than conventional treatment agents. Also, we suggest that because of the changing appearance of the tumor mass and the procollagen effects of AA [@R18], there may be infiltration of the tumor with collagen. These observations could provide insight into the mechanisms of action of PAA in cancer treatment and require further investigation in preclinical and clinical studies.

We report here a case of a 68-year-old man with metastatic PDA whose only oncologic treatment was PAA. He presented in March 2007, with a mean expected survival of 4--6 months. On the basis of emerging science and against his oncologist's advice, he chose treatment with PAA at doses between 75 and 125 g administered intravenously 2--3 times weekly [@R10],[@R12]. The patient's weight loss reversed within 4 months; his liver lesions gradually diminished and became undetectable after 1 year; and his primary tumor decreased in size, but did not disappear at 3.5 years after diagnosis. The patient felt well and was active. There are early reports of increased physical and psychological well-being with the use of PAA that could be an additional benefit for patients undergoing chemotherapy [@R15],[@R19].

In January 2011, the patient had increasing liver enzymes believed to be related to disease progression and had biliary stent placement. In retrospect, the increasing liver enzymes may have been related to ingestion of high doses of vitamin D. He died of a known procedure-related complication that was indirectly related to his underlying diagnosis of PDA, but not from apparent PDA disease progression. Transpapillary or percutaneous placement of biliary stents is a useful adjunct in the management of patients with advanced hepatobiliary malignancies, providing symptom alleviation in the overwhelming majority of patients. However, biliary stents have a known overall complication rate of up to 10% of cases and a mortality of 1%. Stent migration occurs in ∼6% of cases and although benign in most cases, the complications stemming from a migrated stent can be catastrophic. A number of case reports and small series have documented the possibility of stent migration causing bowel perforation, which, under the appropriate circumstances, can be lethal in this patient population [@R20]--[@R22].

Survival of metastatic PDA and regression of metastases are rare [@R6],[@R23]. This single case report clearly does not prove that long-term PAA is valuable in cancer treatment. Rather, this case, raising the possibility of efficacy, is a clue to be coupled with others indicating efficacy of PAA in cell and rodent cancer models, including models of pancreatic cancer [@R10],[@R13], and synergy in combination with gemcitabine [@R17]. For testing efficacy, prolonged treatment times may be necessary and should be considered in designing treatment trials.

PDA is a human cancer with a poor prognosis. Gemcitabine, a key therapeutic agent for metastatic PDA, and combination treatments have had only a modest impact on extending survival. Adding erlotinib, at an approximate cost of \$3000/month, extends survival by mere weeks [@R2],[@R4],[@R6]. We believe that a new treatment agent that shows robust laboratory and animal evidence, coupled with minimal patient toxicity, deserves rigorous clinical investigation without concern that clinical trials might not be supported by industry or have potential to generate profits. Indeed, patients deserve no less. It is our opinion that the current evidence is sufficient to encourage both private and public funding agencies to evaluate support for targeted phase I and II clinical trials of PAA as a complement to standard therapies in the treatment of metastatic PDA.
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